MANY observers have reported pathologic changes in the myoeardium of patients with muscular dystrophy similar to those in the skeletal muscles.'-8 Clinical evidence of involvement of the heart has also been noted, consisting of persistent tachycardia,9 10 arrhythmias,10 congestive heart failure, chest pain, cardiac enlargement, changes in heart sounds, murmurs, electrocardiographic alterations suggestive of diffuse myocardial involvement, and sudden death. 7 8,11 In an attempt to characterize further the cardiovascular system in muscular dystrophy we have performed right heart catheterizations in patients inl various stages of the disease.
MATERIALS AND METHODS
Twelve patients with proved muscular dystrophy (table 1) were selected at random for these studies.
In addition to the usual physical examination, chest x-ray, and electrocardiogram they were subjected to hemodynamic studies by right heart catheterization according to conventional methods. In this procedure blood samples for Van Aided by grants from the Muscular Dystrophy Associations of America, the Western Pennsylvania Heart Association, and the Gross Heart Fund. unable to perform this exercise because of extreme weakness, steady pressure was applied over the upper abdomen for measured periods of time to simulate the effects of such work. (table 2) Tachycardia was noted in all but 2 patients (IX and XI).* It was especially marked in patient III who manifested a constant tachycardia with a rate of 140. Heart size was within normal limits on physical examination and by teleroentgenography in all the patients. No murmurs were heard on auscultation, excepting patient II, in whom a soft grade ii systolic murmur was audible in the pulmonic area. The second pulmonic sound was accentuated in all save 3 of the patients (V, VII, and XI) ; in 3 others the second pulmonic sound was definitely accentuated and split. Marked chest deformity was present in only 1 patient (VII), although minor abnormalities were encountered in several others. Clubbing of the fingers was noted in patient XII and paralysis of the right hemidiaphragm in patient X.
RESULTS

Clinical Findings
Electrocardiographic Changes (table 2) Sinus tachycardia was observed in 4 patients (II, III, VII, and XII) and was particularly marked in 1 of these (III). Low voltage of the standard and unipolar limb leads was present in patients V, VI, and IX. Left axis deviation was found in 1 (VIII) and right axis deviation in 2 others (IX and XII). P waves were normal in all the patients save 1 (XII), in whom they were high and notched. The P-R interval was abnormal in 2 patients: 0.10 second in patient IV and 0.24 second in patient XI. The QRS complex was widened, 0.12 second, in patient XI; the pattern was that of right bundle-branch block.
Eight of the 12 patients had abnormal QRS complexes in leads from the right side of the chest; 6 of them (I, III, IV, VI, VII, and VIII) had tall R waves followed by a small or minimal S, while 2 (II and XII) had RSR' patterns with normal QRS intervals in these leads. Diffuse T changes were present in 3 patients (V, IX and X). Results of Right Heart Catheterization ( No cardiac symptoms were present except in patient XI, in whom occesional palpitation and possible occasional ankle edema were noted.
X-ray of chest and heart was within normal limits in all the cases.
complained of discomfort and respiratory distress during the procedure. Cardiac Output and Cardiac Index. The cardiac output was higher than normal in 5 patients (I, II, IV, V, and VIII) and increased appreciably after exercise in the 2 patients who were able to exercise; 4 of these 5 patients were less than 12 years of age and in all of them there was a large element of apprehension and anxiety. Cardiac output values were normal in 3 patients (VI, VII, and X) and below normal in 3 others (IX, XI, and XII). In 2 of the latter group the output rose slightly with exercise.
DISCUSSION
The possibility that some of these patients with extensive myocardial involvement would develop congestive heart failure were their activity not limited by their disability has been tested. However, the most striking finding was the frequent incidence of high R's followed by a small S wave or RSR' pattern in leads from the right chest. Together with accentuation of the second pulmonic sound in the absence of chest deformity, this finding raised the question of right heart preponderance and pulmonary hypertension. However, this possibility was excluded by the finding of normal pressures in the pulmonary arteries and normal oxygen saturations on cardiac catheterization. We think this pattern probably represents some form of conduction defect. This view is supported by the finding that one patient who now has a complete right bundle-branch block had this pattern 1 year ago. Also, another of our patients who has this pattern temporarily developed complete right bundle-branch block during catheterization; however, this could also happen to individuals with normal tracings. The suggestion that this pattern probably represents some form of conduction defect might be confirmed by vectorcardiography.
We have confirmed the previously reported finding of unexplained tachycardia. None of the patients had arrhythmias, other than sinus arrhythmia and the episode of atrial flutter in patient III Patient V. The catheter followed a normal course to the right heart. Oxygen analyses of blood samples were normal. Pressure recordings showed a small difference in systolic pressure between the right ventricle and the pulmonary arteries. The cardiac output was slightly above the normal range. It was concluded that a slight trace of pulmonic stenosis might be present.
Patient VI. The catheter could not be passed from the right ventricle to the pulmonary artery. Pressure recordings were normal at rest, but on nild exercise tachycardia occurred with increased systolic and diastolic right ventricular pressure readings, returning to normal after a few minutes of rest. Cardiac output, normal at rest, nearly doubled on exercise.
Patient VII. Pressure recordings at rlst and after abdominal compression and analyses of blood samples for oxygen were normal.
Patient VIII. Oxygen analyses of blood samples and pressures were normal. Cardiac output was elevated but there was moderately severe anxiety and discomfort.
Patient IX. Oxygen analyses of blood samples were within normal limits except for high oxygen content, reflecting an elevated hemoglobin level. Pressure recordings were normal at rest and with mild cycling exercise. Cardiac output was reduced slightly but increased with exercise.
Patient X. Pressure recordings showed elevation of right ventricular diastolic pressure with abdominal compression; however, there was considerable discomfort and respiratory effort at the time the cardiac output was approximately normal. 
